Introduction
Candida dubliniensis is a recently described yeast species closely related to Candida albicans , with which it shares many phenotypic features such as germ tube formation and chlamydospore production [1, 2] . Studies have shown that C. dubliniensis is less pathogenic than C. albicans , possibly due to its reduced ability to produce hyphae and consequently lower colonization and tissue invasion [3, 4] . However, C. dubliniensis exhibits increased adherence to buccal epithelial cells and is capable, in vitro , of rapidly developing resistance to fluconazole following drug exposure [1] . Although, C. dubliniensis was initially identifi ed in clinical samples recovered in Dublin HIV-infected patients. In contrast, three distinct genotypes (genotypes 2 -4) recovered mainly from non-HIV-infected individuals were detected among Cd25 group II isolates. Subsequently, a collection of C. dubliniensis isolates from three (Egypt, Saudi Arabia and Israel) Middle Eastern countries were shown to belong to ITS genotype 3 or 4 and to a new Cd25 fi ngerprinting group III and were resistant to 5-fl ucytosine [20] .
The population structure of C. dubliniensis by multilocus sequence typing (MLST) was also found to be less divergent than its close relative C. albicans , in that it comprised only three distinct clades (C1 -C3) [21] . The MLST clade C3 exclusively included 5-FC-resistant Cd25 group III isolates [21] . Longitudinal genotyping of C. dubliniensis isolates from HIV-infected patients have shown strain maintenance [22] . To date, 5-FC resistant C. dubliniensis isolates have only been reported from four (Kuwait, Egypt, Saudi Arabia and Israel) Middle Eastern countries [20, 21, 23, 24] . Fingerprinting of all 5-FC-resistant C. dubliniensis isolates from Egypt, Saudi Arabia and Israel were found to belong to ITS genotype 3 or 4 only [20, 21] . Recently, the molecular basis of 5-FC resistance of C. dubliniensis isolates from Egypt and Saudi Arabia was found to be due to a single point mutation resulting in S29L substitution in cytosine deaminase encoded by FCA1 (Cd FCA1 ) [25] . So far, only a small number of C. dubliniensis isolates have been analyzed from the Middle East [20, 25] . This study investigated genotypic relatedness in relation to 5-FC resistance among clinical C. dubliniensis isolates in Kuwait.
Material and methods

C. dubliniensis isolates and identifi cation
Clinical C. dubliniensis isolates ( n ϭ 103) recovered from various clinical specimens (Table 1) and identifi ed using the Vitek2 yeast identifi cation system (bioM é rieux ) were studied. Isolates were identifi ed by their ability to form germ tubes and unique phenotypic characteristics on sunfl ower seed agar [26] . The species-specifi c identity was further confi rmed by DNA extraction and amplifi cation of ITS2 region of rDNA, as described previously [23] .
Susceptibility testing of C. dubliniensis isolates to 5-fl ucytosine
In vitro susceptibility testing to 5-FC was carried out by E-test as described in detail previously [23, 24] . Interpretations of susceptibility were based on Clinical Laboratory Standards Institute (CLSI) breakpoints of Յ 4, 8 -16 and Ն 32 μ g/ml as susceptible, susceptible-dose-dependent/ intermediate and resistant, respectively [27] .
Identifi cation of genotypes by PCR amplifi cation with genotype-specifi c primers
Primer sequences for genotype 1 were described previously [19] , while primers for genotypes 2, 3 and 4 were modifi ed (Table 2) for greater specifi city. PCR amplifi cation with genotype-specifi c primers was performed in 50 μ l containing 1 ϫ AmpliTaq DNA polymerase buffer I and 2 units of AmpliTaq DNA polymerase (Applied BioSystems), 10 pmol of each genotype-specifi c forward and reverse primer, 100 ng of template DNA and 100 μ M of each dNTP. Thermal cycling conditions included initial denaturation at 95 ° C for 5 min followed by 30 cycles of 95 ° C for 1 min, 58 ° C for 30 s and 72 ° C for 1 min and a fi nal extension at 72 ° C for 10 min for genotypes 1, 2 and 3. The annealing temperature was increased to 62 ° C when genotype 4-specifi c primer pair was used. Amplicons (10 μ l) were resolved by electrophoresis in 2% (wt/vol) agarose gels and presence of a single amplicon of expected size indicated the specifi c genotype [28] .
Sequencing of ITS region of rDNA for genotype assignment
The ITS region (containing ITS-1, 5.8S rRNA and ITS-2) of rDNA was amplifi ed using ITS1 and ITS4 primers [28] and amplicons were purifi ed using a PCR product purifi cation kit (Qiagen). Both strands of amplicons were sequenced using BigDye terminator v3.1 cycle sequencing kit and ABI 3130 xl Genetic Analyzer by following manufacturer ' s instructions (Applied Biosystems Inc.). The ITS1FS, ITS2, ITS3 and ITS4RS were used as sequencing primers [29] . Pair-wise comparisons with sequences of specifi c genotypes were carried out using ClustalW.
Detection of 5-fl ucytosine resistance-conferring mutations in cytosine deaminase
The Cd FCA1 gene codon 29 that is mutated in 5-FC-resistant C. dubliniensis isolates [25] was amplifi ed by PCR (Table 3) . Similarly, the length (451 bp) and ITS region sequence of 25 isolates were identical (EMBL database accession no. FR820636) and matched completely with genotype 4 isolates described previously [19] . All genotype 4 isolates contained a signature ' T ' nucleotide at ITS-1 position 82 that was not found in isolates belonging to other genotypes, were resistant to 5-FC and contained TCA to TTA (S29L) mutation at Cd FCA1 codon 29 (EMBL database accession no. FR820643) ( Table 3 ). The length of ITS region and DNA sequence of ITS-2 region from the remaining 10 isolates were the same as genotype 3 or genotype 4 isolates described previously [19] , but their ITS-1 region sequences were different. Thus, fi ve new genotypes (5 -9) were identifi ed. Interestingly, all 10 isolates were recovered from oral or respiratory specimens originating from patients of Middle-Eastern origin (Table 2) . Six isolates exhibited identical sequences and were designated as genotype 5 (EMBL database accession no. FR820637). They differed at 1 nucleotide position from genotype 4 isolates described previously [19] (Table 3 ). All six genotype 5 isolates were susceptible to 5-FC and contained wild-type sequence of Cd FCA1 including codon 29 (EMBL database accession Table 3 Differentiation of Candida dubliniensis isolates into distinct genotypes based on sequences at specifi c nucleotide positions in ITS-1 and ITS-2 regions of rDNA and presence of wild-type sequence or S29L mutation in CdFCA1 in relation to susceptibility to 5-fl ucytosine. (Table 3) . Two isolates (Kw1634-04 and Kw51-05), identifi ed as genotype 3 isolates by PCR amplifi cation with genotype 3-specifi c primers contained unique ITS region sequences (EMBL database accession nos. FR820640 and FR820641, respectively) and were designated as genotype 8 and genotype 9, respectively. Genotype 8 and genotype 9 isolates differed at 2 and 1 nucleotide position, respectively, from genotype 3 isolates described previously [19] . Both isolates (Kw1634-04 and Kw51-05) were also susceptible to 5-FC and contained wild-type sequence of Cd FCA1 including codon 29 (EMBL database accession nos. FR820647 and FR820648, respectively) ( Table 3) . Identical results were obtained when DNA sequencing of ITS region was repeated using newly extracted genomic DNA for the isolates exhibiting only 1 or 2 nucleotide differences with the previously defi ned genotypes of C. dubliniensis [19] .
PCR-RFLP analyses for detection of S29L mutation in cytosine deaminase
Restriction digestion of PCR amplicons obtained with FCA1F and FCA1R primers from genotype 1 isolates (data from two isolate are shown in Fig. 1, lanes 1 and 7) with Dpn II yielded three (176 bp, 119 bp and 45 bp) DNA fragments, which is characteristic of isolates containing TCA (serine) at Cd FCA1 codon 29. Similarly, restriction digestion of PCR amplicons with Dpn II from genotype 5 (data from one isolate are shown in Fig. 1 , lane 3), genotype 6 (Fig. 1, lane 4) , genotype 7 (Fig. 1,  lane 6) , as well as genotypes 8 and 9 (data not shown) isolates also yielded DNA fragment patterns characteristic of isolates containing TCA (serine) at Cd FCA1 codon 29. On the other hand, restriction digestion of PCR amplicons from genotype 4 isolates (data from two isolate are shown in Fig. 1, lanes 2 and 5) with Dpn II yielded only two (295 and 45 bp) DNA fragments, which is characteristic of isolates containing TTA (leucine) at Cd FCA1 codon 29 (S29L mutation).
Discussion
In several studies focusing on molecular characterization of C. dubliniensis, only a small number of isolates from Middle Eastern countries have been investigated [19,20, 23 -25,28,30 -32] . The present study provides information on the genotypic heterogeneity among 103 C. dubliniensis isolates recovered from various clinical specimens collected from Kuwaiti nationals, as well as other Middle Eastern and Asian non-Kuwaiti expatriate patients. So far, four different genotypes have been identifi ed, largely by PCR amplifi cation of ITS region sequences using genotypespecifi c primer pairs, among a worldwide collection of C. dubliniensis isolates [19 -21] . However, in one previous study [20] , two of 24 C. dubliniensis isolates, originating from Egypt and Israel, failed to yield an amplicon with one of four genotype-specifi c primer pairs described by Gee et al . [19] . In this study, all 103 isolates yielded an amplicon with at least one of four genotype-specifi c primer pairs used, of which 68, 25 and 2 isolates belonged to genotype 1, 4 and 3, respectively. The assignment of the eight remaining isolates remained inconclusive. DNA sequencing of ITS region also identifi ed 68 (66%) and 25 (24%) C. dubliniensis isolates as belonging to genotype 1 and genotype 4, respectively. Genotype 1 was also dominant (71 of 98, 72%) among a worldwide collection of C. dubliniensis isolates (but mostly including stains recovered from Ireland, the UK or other European countries), while only one was identifi ed as genotype 4 strain [19] . However, among the isolates from three (Egypt, Saudi Arabia and Israel) Middle Eastern countries, genotype 1 was more common in Israel (12 of 16, 75%) and Egypt (4 of 8, 50%) while genotype 3 occurred more frequently in Saudi Arabia (13 of 22, 59%) [20] . Furthermore, similar to the results of the present study, genotype 4 was also the second most common genotype among C. dubliniensis isolates from Egypt (three of eight), while only three of the remaining nine isolates from Saudi Arabia belonged to genotype 4 [20] . However, some of these differences could be due to the small number of isolates that were analyzed from each of the countries. All genotype 1 C. dubliniensis isolates in Kuwait were uniformly susceptible to 5-FC and DNA sequencing of 30 selected isolates revealed wild-type sequence at N-terminal region of Cd FCA1 gene including codon 29 [25] . Alternatively, all genotype 4 isolates were uniformly resistant to 5-FC and contained S29L mutation in Cd FCA1 gene. This mutation was also recently found in all 5-FCresistant C. dubliniensis isolates [25] . Since 5-FC is used only rarely in Kuwait, the detection of resistance to this drug in genotype 4 isolates appears to be intrinsic in nature. A simple, PCR-RFLP-based method was successfully developed for rapid identifi cation of 5-FC-resistant C. dubliniensis isolates containing S29L mutation in cytosine deaminase.
The remaining 10 C. dubliniensis isolates exhibited unique ITS region sequences. Although 2 isolates were detected as belonging to genotype 3 by PCR amplifi cation with genotype 3-specifi c primers, their ITS region sequences differed from those described previously [19] . Thus, based on unique ITS region sequences, we propose that this latter group of 10 C. dubliniensis isolates from Kuwait belong to fi ve new genotypes (genotypes 5 -9).
Although six C. dubliniensis isolates belonging to genotype 5 differed from genotype 4 isolates at only one nucleotide position (T-to-C transition at ITS nucleotide position 82), their placement into a new genotype (genotype 5) is supported by their uniform susceptibility to 5-FC and presence of wild-type sequence at Cd FCA1 codon 29, in contrast to genotype 4 isolates.
A single C. dubliniensis isolate (Kw596-10) was designated as genotype 6 as its sequence differed at three or more nucleotide positions with all C. dubliniensis isolates described previously [19, 20, 25] . This isolate contained ITS-1 region sequence identical to genotype 1 isolates and ITS-2 region sequence identical to genotype 3/genotype 4 isolates. Isolate Kw596-10 was susceptible to 5-FC and contained wild-type sequence at Cd FCA1 codon 29. Another isolate (Kw106-08) differed at 1 nucleotide position (C-to-T transition at nucleotide position 35) from genotype 6 and was designated as genotype 7. An isolate (Is35) with identical ITS region sequence was described previously from Israel but was termed as a variant of genotype 4 (genotype 4B) [20] . However, unlike genotype 4 isolates, both, Is35 and Kw106-08 were susceptible to 5-FC and did not contain a ' T ' residue at ITS nucleotide position 82 [20] . Furthermore, isolate Kw106-08 contained wild-type sequence at Cd FCA1 codon 29. It will be interesting to see if isolate Is35 also contains wild-type sequence at Cd FCA1 codon 29.
None of two isolates, identifi ed as genotype 3 by PCR amplifi cation with genotype 3-specifi c primer pair, contained consensus genotype 3 sequences [19] . Isolate Kw1634-04 (genotype 8) differed from genotype 3 at two nucleotide positions (C-to-T transition at ITS nucleotide position 35 and T-to-C transition at ITS nucleotide position 68), while isolate Kw51-05 (genotype 9) differed at one nucleotide position (C-to-T transition at ITS nucleotide position 68). Both isolates were susceptible to 5-FC and contained wild-type sequence at Cd FCA1 codon 29. In the initial study by Gee et al . [19] , all fi ve (three originating from Israel) genotype 3 isolates were detected by both PCR amplifi cation with genotype 3-specifi c primer pair and DNA sequencing of ITS region. However, 2 and 13 genotype 3 isolates from Israel and Saudi Arabia, respectively, were subsequently detected only by PCR amplifi cation with genotype 3-specifi c primer pair but were not sequenced [20] . Furthermore, while genotype 3 isolates from Israel were mostly susceptible to 5-FC, those from Saudi Arabia were resistant to this antifungal agent [20, 25] . It will be interesting to see if some of these genotype 3 isolates, identifi ed by PCR amplifi cation with genotype 3-specifi c primers only, have variable sequences in their ITS region, as found in this study. No specifi c relationship of various genotypes was apparent with the type of specimens or underlying disease status of the patients yielding C. dubliniensis in this study.
A limitation of the present study is that an alternative fi ngerprinting method such as MLST to confi rm the results obtained by ITS region sequencing was not performed. For example, MLST studies on genotype 4 isolates may be carried out to confi rm previous observations showing clade 3 specifi city of majority of 5-FC-resistant C. dubliniensis isolates from the Middle East [21, 25] . Furthermore, MLST studies may also help in determining the distinct nature of C. dubliniensis isolates belonging to genotypes 5 -9 identifi ed in this study in relation to genotypes 1 -4 identifi ed in previous studies [19, 21] .
Notably, no genotype 2 isolates were detected in Kuwait even though it was the second most common type among the worldwide collection of C. dubliniensis isolates [19] . The rarity of genotype 2 isolates in our study is consistent with a previous report from the Middle East [20] .
In conclusion, the majority of C. dubliniensis isolates in Kuwait belonged to genotype 1 while all 5-FC-resistant isolates were confi ned to genotype 4. Furthermore, fi ve new genotypes were recognized based on unique ITS region sequences. All 5-FC-resistant genotype 4 isolates contained S29L mutation in Cd FCA1 gene while C. dubliniensis isolates belonging to all other genotypes were susceptible to 5-FC and contained wild-type sequence at Cd FCA1 codon 29. Additionally, a simple, PCR-RFLPbased method has also been developed for rapid detection of S29L mutation in cytosine deaminase. The report highlights that S29L mutation in Cd FCA1 gene causes 5-FCresistance in C. dubliniensis isolates.
